Abstract: Somatic features (morphometric or meristic features, i.e., body weight, length of body, tail, hind foot and ear) and reproduction characteristics (number of embryos in uterus, reproduction potential, duration of reproduction season) are the basic attributes of the biology of a species. In the present paper, biometry of somatic characteristics and reproduction potential of two mountain vole species, the Tatra vole (Microtus tatricus) and the snow vole (Chionomys nivalis) which originate from various sites of Slovakia, were investigated. Among somatic features, the body length, tail length, hind foot length, length of ear and body weight were assessed. The highest variability was found in body length and the lowest one in the hind foot length. These characteristics were evaluated separately for sub-adult and adult individuals, and males and females. Values of somatic features and body weight of both species are larger in males than in females. Throughout the life of these rodents, the ratio between the length of tail and length of body does not vary considerably. The reproductive potential of the two species is, compared to other small mammals, very low and the length of reproductive season is shorter in the extreme conditions of the mountain environment. Thanks to a sufficient data set, it was possible to evaluate the influence of altitude on somatic features as well as on reproduction potential of M. tatricus and it was found that the average values of somatic features and body weight increased with increasing altitude.
Introduction
Voles of the genus Microtus (Schrank, 1798) are ecologically diverse herbivorous small mammals living in many habitats in the Holarctic. Most species prefer open grasslands such as meadows and pastures but some species also occupy forests and highland habitats Nowak 1999) . The genus Microtus includes some subgenera, e.g., Terricola (ground voles, Palearctic pitymyid voles) with the target species Microtus tatricus (Kratochvíl, 1952) . The Tatra vole is a species endemic to the Carpathian mountain range in Slovakia, Poland, Ukraine and Romania. Two subspecies have been recognised. Microtus tatricus tatricus occupies the western part of the mountain range in Slovakia and Poland and Microtus tatricus zykovi is found in Ukraine and Romania. It is the only autochthonous mammalian species in the Carpathians (Mitchel-Jones et al. 1999) . It occurs in the western and eastern Carpathians, at 630-2350 m a.s.l., and populations are found in spruce forests and Tatra meadows (Mošanský 1994) , in south Poland, but also in western Ukraine and northern Romania (Zagorodnyuk & Zima 1992) . Microtus tatricus is known from the Early Holocene of the Veľká Fatra Mts in Slovakia (Dudich et al. 1981) . The typical locality is Poprad District, Veľká Studená dolina valley, High Tatra Mts. The lowest known altitude where M. tatricus occurs is 600-650 m a.s.l., in cold inverse valleys in the Veľká Fatra Mts (Dudich et al. 1981; Kleinert 1983) , and the highest altitude where the species was found is 2,343 m a.s.l. in Sedlo Váhy Pass in the High Tatra Mts (Kratochvíl 1952) . The histogram of localities at different elevations is bimodal with the maximum number of localities at an altitude of 1,650 m a.s.l. (Martínková & Dudich 2003) .
The genus Chionomys (snow voles) forms a distinct and well-supported lineage separate from the genus Microtus (Jaarola et al. 2004) . The genus Chionomys is represented by only three species that exclusively inhabit mountainous regions of Europe, Asia Minor, and parts of Western Asia (Nadachowski 1991) . The snow vole (Chionomys nivalis Martins, 1842), considered to be a glacial relict , is a relatively largesized microtine (up to 70 g) that can generally be found in high-mountain biotopes above the tree line (1000-4700 m a.s.l.) and is discontinuously distributed from southwest Europe to Iran (Krapp 1982) . Because of the fragmentation of the mountain habitat and the polymorphism of the species, many forms have been described, for example 21 by Kratochvíl (1981) . For the Tatra district, the Tatra snow vole -Chionomys nivalis mirhanreini (Schäfer, 1935) was described.
In the red list of mammals of Slovakia, the species Ch. nivalis and M. tatricus are evaluated as vulnerable The following somatic characteristics were monitored: body weight H (in g); body length LC; tail length LCd; hind food length LTp; ear length LA, all lengths in mm). Pregnant females were allocated when comparing body mass of adult males and females.
The caught individuals were sexed (males -M, females -F) and classified in three age groups (juveniles -young individuals that did not achieve the size of adult individuals and have juvenile fur colour; sub-adults -sexually immature individuals; adults -sexually mature individuals). Adults were assessed if they were sexually active or not. The size of embryos and their number in both corners of uterus of pregnant females was evaluated.
Sex ratio in adults and sub-adults was evaluated on the basis of the frequency χ 2 test. In dependence on χ 2 and significance level, the differences in this parameter could be significant or highly significant. If the number of individuals was less than 200, the Yates correction was applied (Pelikán 1984) . From the difference between proved and expected number of individuals 0.5. F -females, n -number of individuals) was calculated. To realise zero difference between proved and expected values, the standard deviation had to be calculated s = √ p.q.n (P = 0.5 = q, n -number of individuals). Among reproduction characteristics, the length of reproduction season (on the basis of gravid females records) and potential litter size (based on the number of embryos in both corners of the uterus; biotic potential, syn. reproductive potential, syn. breeding potential) were evaluated. Fertility of females was checked by using the method of Emlen & Davis (1948) . Emlen -Davis formula (F = % · T V ) is the method to assess the reproduction potential of free-living populations of mammals (F -gravidity frequency, % -percentage of visibly gravid females from whole number of adult females, T -number of observation days, V -number of gravidity days). The influence of environmental conditions on changes in biometrics of somatic features and reproduction potential of the rodents were evaluated at three altitudinal geographic levels (e.g., Zlatník 1978; Mazúr 1980 ): M -mountainous (600-800 m a.s.l.), O -high mountainous (800-1200 m a.s.l.), Sa -sub alpine (up to 1200 m a.s.l.).
Biometric data were evaluated by descriptive statistics: average, modus, range. Differences in means according to sex were evaluated by one-way ANOVA. Changes in somatic features related to hypsographic position were studied by correlation analysis.
Results

Chionomys nivalis Sex ratio
Sex ratio is an important characteristic of structure and dynamics of a population. It is sensitively influenced by intra-population processes and belongs to the most important indices in analyses of a population. Sex ratio in Ch. nivalis was balanced in sub-adult part of the population, in adults it was quite unbalanced; females significantly prevailed (χ 2 -test, Table 2 ).
Biometrics of somatic features
Based on standard deviations, weight (adults together and adult females) was the most variable feature, eventually the body length (in all other cases). The least variability was found in hind foot length (in all investigated groups of Ch. nivalis, Table 3 ). The tail represented 42.3% of body length in sub-adults and 43.6% in adults. Explanations: N -number of individuals, SD -standard deviation. Explanations: **highly significant difference (P < 0.01).
All investigated somatic features achieve higher values in males than in females, both in sub adults and adults. Highly significant difference was recorded only between hind foot length of adults. The differences in other somatic features between males and females in adult and sub-adult part of population were not significant (Table 4) .
Reproduction potential
The estimation of the reproduction potential of the snow vole was very difficult as there were data on gravid females caught only in May. From a total of 30 adult females 18 were gravid (60%) in May. Numbers of embryos in uterus of gravid females varied from 1 to 4 (modus: 3 embryos). The average number of embryos was Explanations: POF -number of caught females, PGF -number of gravid females, SHPZ -mean value of embryos number, MPZmodus (modal value) of embryos number. Explanations: N -number of individuals, SD -standard deviation. 2.78 (Table 5) , but on average, a lower number of embryos was present in the right corner of uterus (1.33) than in left one (1.44).
Microtus tatricus Sex ratio
The sex ratio in sub-adults was almost ideally balanced during whole year with a slight prevalence of females in October. Results of the χ 2 -test showed that the general sex ratio was balanced (Table 6 ). Sex ratio was unbalanced in adults with a clear prevalence of females, mainly in August. Sex ratio was generally (adult and sub-adults together) unbalanced (the value of χ 2 was very high). Females prevailed in April, May and September, we found a prevalence of males only in October (Table 6 ).
Biometrics of somatic features
Statistical analysis of the variability in somatic features of M. tatricus adults and sub-adults showed that values of all features varied to a greater extent in adults, and among adults in males. Body length values showed the highest variability and hind foot length values were the least variable (Table 7) . Tail length comprised 38.1% of body length in sub-adults and 38.8% in adults and this rate did not change throughout the life.
Males had higher values of somatic features in both surveyed age categories. Adult males were significantly heavier and values of their body length and tail length were bigger than in females, whereas in sub-adult males only the value of ear length was significantly higher (Table 8) .
The Tatra vole occurs in the range of three hypsographic levels -in mountainous, high mountainous and sub-alpine. We gained a sufficiently big dataset for biometrics of somatic characteristics of this species from all hypsographic levels and could perform a more detailed analysis. The average weight of adult M. tatricus increased with altitude in Slovakia as follows: mountainous 23.61 g (M = 23.91 g, F = 23.11 g), high mountainous 24.85 g (M = 25.01 g, F = 24.2 g), sub-alpine 25.49 g (M = 25.8 g, F = 25.12 g) and a positive correlation between increase in weight and altitude was calculated: r = 0.322, P < 0.05. The body length of adult M. tatricus also increased with altitude: mountainous 105.1 mm (M = 105.4 mm, F = 102.1 mm), high mountainous 105.2 mm (M = 105.83 mm, F = 103.25 mm), sub alpine 105.33 mm (M = 106 mm, F = 104.01 mm); positive correlation: r = 0.33, P < 0.05. Positive correlation between increase of altitude and weight and body length was also found when evaluated the parameters form males and females separately.
Tail length, hind foot length and ear length values for M. tatricus decreased with increasing altitude. Average tail lengths in adults were: mountainous 42.63 mm, high mountainous 40.59 mm, sub-alpine 39.44; negative correlation: r = -0.321, P < 0.05. Average hind foot lengths in adults were: mountainous 17.28 mm, high For explanation of abbreviations H, LC, LCd, LTp and LA, see Table 8 . 
Reproduction potential
Reproduction of the Tatra vole began approximately on 24 April, because 12 mm large embryos were found on 5 May. According to our investigation, reproduction activity finished on 23 September as 5 mm embryos in females were observed on 8 September. Reproduction season of M. tatricus took 141 days. The number of embryos varied from 1 to 3 (average 2.46) ( Table 9) . On average, we found a lower number of embryos in the right corner of uterus (1.042) than in the left one (1.42). Pregnancy of females lasted from 21 to 23 days, (average 22 days). Pregnancy frequency (counted by Emlen-David formula) was 3.2. Considering the average size of litter (2.46), the estimated number of offspring per one female is 7.87 during the season. During the season, reproduction activity of M. tatricus peaked in June (all caught females were gravid) and in September (50% of females were gravid), the lowest ration of gravid females (33%) was recorded in July (Fig. 3) .
The evaluation of the reproduction potential of M. tatricus in relation to hypsographic levels indicated certain changes along the vertical gradient. Because we had data about gravid females only from high mountainous and subalpine level, we have evaluated the average number of embryos in uterus of gravid M. tatricus only from these two hypsographic levels. We found that in the high mountainous level the average number of embryos was 2.8 and in the sub alpine level only 2.2, what indicated a decrease with increase in altitude. Janeau & Aulagnier (1997) declared that size measurements of Chionomys nivalis increased from Western to Eastern Alps, depending on latitude and altitude. They determined the range of body length from 90 to 140 mm (maximum 143 mm in the High Tatras), tail length from 47 to 75 mm (minimum in the High Tatras, maximum in the Pyrenees), hind foot length from 18 to 22 mm (maximum 22.4 mm in the High Tatras). The data by Janeau & Aulagnier (1997) correspond with our results as the body length of animals measured in this study reached 141 mm (maximum values are reported from the High Tatras) and the length of the tail ranged between 42-64 mm (minimum values were recorded from the High Tatras). The results also agree well for the values of the hind foot length. Other biometric measurements, collected from the literature, are given in Table 10 . Feriancová-Masárová & Hanák (1965) indicated that in Ch. nivalis the tail length represents 39.5-52.4% of the body length.
Discussion
Gravid females of Ch. nivalis were recorded from June to September at altitudes between 1600 and 1900 m a.s.l. (Kahmann & Halbgewachs 1962) and from the beginning of June to the end of August in a range of altitudes between 1800 and 2600 m a.s.l. (Janeau & Aulagnier 1997) . The breeding season in the Alps in France is from April to August and at 1500 m a.s.l. from April to September (Le Louarn & Janeau 1975) . Females from the overwintering cohort produce usually two litters (Kratochvíl 1981) . Martirosyan (1964) recorded three litters in Armenia and Kahmann & Halbgewachs (1962) declared that some females could have four litters. The number of embryos in the uterus ranged from 2 to 4 in the Alps (Kahmann & Halbgewachs 1962) , 6 embryos per female were recorded in the Pyrenees and 9 embryos in one female were recorded in Armenia (Janeau & Aulagnier 1997) , 2-4 embryos were found by Le Louarn & Janeau (1975) , 2-7 embryos by Saint Girons (1973) and 3-7 embryos by Didier & Rode (1939) . The number of offspring per female can be from 1 to 4, but 2-3 are most frequent (Niederer 2008) . Chionomys nivalis reproduces 2 to 3 times within a year, in June, July and August (Feriancová-Masárová & Hanák 1965) ; the litter size is usually 5-6 young. In the Carpathians Kowalski (1957) recorded two litters during the reproduction season; in the Alps Le Louarn & Janeau (1975) found two litters -the first in June, the second in mid July to mid August. We recorded pregnant females only in May; that is why it is difficult to comment on the length of the reproductive period (breeding season) in Slovakia. The number of embryos agrees with literature data and we foresee a shorter reproductive period than in other small mammals. Feriancová-Masárová & Hanák (1965) showed the following measurements of M. tatricus: LC: 90-121 mm, LCd: 31-46 mm, LTp: 16.5-8.5 mm, LA: 10-13 mm. Kratochvíl (1952) found that M. tatricus females breed 2 to 3 offspring only 3 to 4 times within a year, whereby they reproduce after overwintering.
Body weight and body length of M. tatricus increases with altitude. The positive correlation between the increase of weight and body length with altitude can be explained by the Bergmann's rule. The temperatures decrease with increasing altitude and other environmental parameters change to extreme values, whereby higher weight and body length give the advantage to survive and release their energy rationally. Bigger weight corresponds to the accumulation of insulating fat layer as a protection from low temperatures. Mayr (1956) dealt with the explanation of the importance of geographic gradients and Bergmann's rule that states there is a latitudinal increase in average body size with increasing cold and a corresponding increase with altitude (Mayr 1963) . The physiological explanation of Bergmann's rule in homeotherms is that large animals expend less energy for thermoregulation because of their small surface to volume ratio (McNab 1971) .
Morphological measurements can vary gradually within a species in relation to environmental conditions, reflecting adaptations to ambient temperatures and resource abundance. Lower body mass is considered as an adaptation to increased average ambient temperatures as predicted by Bergmann's rule. The tendency of mammals to increase or decrease body size with respect to geography or time depends on the abundance, availability and size of resources. McNab (2010) called the generalized pattern as the "resource rule", i.e., the controlling effect of resource availability on body mass and energy expenditure.
The hind foot length, tail and ear length of M. tatricus decreases with altitude increase. The negative correlation of lengths of hind foot, tail and ear with altitude increase can be explained by Allen's rule (appendages of endothermic animals in cold climate are shorter than of animals of the same species in warmer climate; J.A. Allen 1877). In general, shorter terminal parts of the body ensure lower thermal losses in colder areas (rational energy management).
